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(57) Abstract 

An anode for batch anodizing of a con- 
ductor wire of metal (5). The anode comprises, 
in addition to the wire, a holder with three or 
more guide cams (4a, 4b. 4c) to support and 
hold the wire in the desired posidon during 
the anodizing process. The guide cams are ar- 
ranged with guide slots in which the spirally 
wound wire is fixed so as to obtain a space 
between the turns of the wire of the spirally 
wound conductor wire. The wire is connected 
at both ends to the positive pole of a current 
source and the holder and the wire are im- 
mersed into an electrolyte during the anodiz- 
ing. 
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Anode, p roces s for anodizing, anodized wire and electric 
device comprising such anodized wire 

TECHNICAL FIELD 

5 

The invention relates to an anode for batch anodizing of a 
length of metallic conductor wire. More specifically, the 
invention relates to an anode for generating an electrically 
insulating oxide layer on the surface of a wire length of 

10 electric conductor wire of metal by anodizing, wherein the 
anode is immersed into an electrolyte. The invention also 
relates to a process for batch anodizing of a wire length of 
metallic conductor wire, in which such an anode is utilized, 
an insulated conductor wire with an electrically insulating 

15 surface layer generated by batch anodizing according to the 
invented anodizing process, and an electric device compri- 
sing one or more such insulated conductor wires which have 
been provided with an electrically insulating surface layer 
by batch anodizing. 

20 

BACKGROUND ART 

An electric device such as a cable, a transformer, a gene- 
rator, a motor, etc., comprises at least one current- 

25 carrying and voltage-carrying metallic body, hereinafter .in 
this application referred to as a conductor. Certain high- 
voltage electric devices include conductors which comprise a 
large number of conductor wires of a more slender dimension, 
referred to in this application as strands. The strands are 

30 composed, for example laid, into parts of strands, windings 
or coils in generators and other electric machines. The 
voltage difference between the laid strands is low but the 
laid strands are still often insulated relative to one 
another . 

35 

According to the prior art, single-wire conductor wires 
which, as strands, are laid into coarser conductors, 
included in high-voltage devices, are insulated preferably 
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15 



by organic insulating materials, such as thermoplastic 
resins, waxes or varnishes. However, organic insulating 
materials have a poor capacity to withstand influence in 
severe environments. For example, they have a low tempera- 
ture resistance and they must often be applied in relatively 
thick layers. The organic insulations also give rise to 
drawbacks and costs when recycling /recovering consumed or 
rejected conductor material since they have to be taken care 
of or destructed separately from the metallic conductor 
wire. For use in severe environments such as at high 
temperatures, under vacuum, in chemically aggressive 
environments or in environments involving a high fire 
hazard, it is known to use inorganic insulating materials 
such as insulating materials based on glass fibre or mica, 
which are usually wound onto the conductor wire. Further, it 
is known to insulate aluminium wire or aluminium-coated 
copper wire with a surface layer of aluminium oxide by ano- 
dic oxidation, anodizing. To obtain an oxide layer with a 
suitable structure and adhesion for the use described above, 
a treatment cycle is required which cannot be realized by 
means of a continuous electrochemical process but requires a 
batch process. A problem in this connection is to arrange a 
wire of a wire length sufficient for a coil in an electric 
high-voltage device. The wire length in a coil usually 
2 5 amounts to between a few two hundred metres and a few 

kilometres. The wire must in its entirety be connected to 
the positive pole of a current source in such a way that the 
potential difference is minimized over the long wire length. 
The wire, which preferably has a diameter of 1 to 5 mm, must 
usually be supported, and kept in such a way that essentially 
the whole surface may be anodized. 



20 



30 



It is an object of the invention to suggest an anode which 
comprises a holder suitable for anodizing, in one batch, a 
3 5 conductor wire with a wire length of 100 metres to 10 kilo- 
metres . 
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It is also an object of the invention to suggest an anodi- 
zing process for batch anodizing of a conductor wire, an 
anodized conductor wire manufactured by means of this 
process, as well as an electric device comprising one or 
5 more such anodized wires. 

SUMMARY OF THE INVENTION 

The above is achieved by means of an anode which is adapted 
10 for batch anodizing of a wire length, comprises the wire to 
be anodized and a holder for supporting and holding the 
conductor wire, during the anodizing, in such a way that 
essentially the whole surface of the conductor wire can be 
anodized, whereby, according to the invention, the wire is 
15 spirally wound onto the holder and the holder comprises at 
least three guide cams with guide slots in which the 
spirally wound wire is fixed. Preferably, the guide slots 
are formed such that the contact surfaces between the holder 
and the wire are minimized essentially into point contacts. 
20 The guide slots of the guide cams hold the spiralled 

conductor wire such that all the turns are separated by a 
space. By this space between each turn and by the contact 
surfaces between holder and wire having been minimized, it 
is ensured that essentially the whole envelope surface of 
25 the conductor wire is anodized and that a homogeneous oxide 
layer is generated. The wire and the holder are immersed 
into an electrolyte during the anodizing, and the wire is 
connected at both its ends to the positive pole of a current 
source. The wire comprises, at least in an outer layer, 
30 aluminium or copper which during the anodizing is oxidized 

into an oxide layer with good adhesion, a suitable structure 
and a thickness of less than 15 ^n, preferably less than 10 
ixm. This ensures the workability without the oxide layer 
being damaged or flaked and a sufficient electrical insula- 
35 tion for the limited potential difference between two 

strands included in the same winding or coil in a high- 
voltage electric machine. In certain embodiments, the wire 
is a solid wire of some of these metals or of an alloy based 
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on aluminium or copper, and in other embodimencs a wire with 
a core of a first metal or alloy coated with a layer com- 
prising aluminium or copper; the core may, of course, com- 
prise aluminium or copper. That is to say, a core of alu- 
minium may be coated with a copper layer, a core of copper 
with an aluminium layer or a core of copper or aluminium be 
coated with an alloy comprising copper and aluminium, res- 
pectively, where the content of the coating differs from the 
content of the core. Preferably, during anodizing of a batch 
of metal wire, a conductor wire with a wire length of 100 
metres to 10 kilometres is wound onto the holder. The inven- 
tion has proved to be exceedingly suitable for anodizing 
conductor wire with a diameter of 0 . 1 to 6 mm, preferably 1 
to 5 mm - 

The guide cams are preferably made of an electrically con- 
ducting material such as aluminium, copper or titanium. 
Under certain conditions, it is also suitable to connect 
both holder and wire ends to the positive pole of the 
current source. 

In a preferred embodiment, the holder comprises a central 
shaft and three bars, oriented parallel to the shaft and 
fixed to the central shaft by means of radially oriented 
25 arms. The bars are arranged with guide slots or with guide 
cams fixed to the bars. 

An anode as described above is preferably suitable for use 
during a batch anodizing where the electrochemical, thermal 
3 0 or other parameters are varied during the process cycle, or 
during a batch anodizing which goes on for such a long time 
that a process where the wire is continuously drawn through 
the anodizing bath is not suitable. 

3 5 Depending on the electrochemical conditions prevailing in 

the electrolytic bath, either the whole holder is made of an 
electrically conducting material and connected as an anode 
to the positive pole of the current source, or only the 



10 



15 



wo 98/21385 



PCT/SE97/01838 



5 

guide cams fixed to the bars are made of an electrically 
conducting material and connected as an anode to the posi- 
tive Dole of the current source. In the latter case, the 
guide cams are electrically insulated from the supporting 
5 parts of the holder. The electrolyte may contain other metal 
ions or anions, which during the oxidation are included in 
the oxide layer and act in a stabilizing way thereon or 
improve the adhesion to the underlying metal or in certain 
cases change the surface properties of the oxidized conduc- 

10 tor wire, which surface properties facilitate water rejec- 
tion, the application of polymer-based surface layers out- 
side oxide layers, etc. The contents of such additives to 
the electrolyte may be controlled during the anodizing. 
Alternatively, other electrochemical process parameters, 

15 which influence the inclusion of such compounds in the oxide 
layer, may be controlled. 

Through the anode and the batch anodizing, described above, 
it is possible to anodize conductor wires of copper or 

20 aluminium or conductor wires coated with any of these 
metals, such as aluminium-coated copper wires with an 
electrically insulating oxide layer, which exhibits an 
adhesion and structure such that they may be treated and 
formed into coils or windings in a high-voltage electric 

2 5 machine. The adhesion and the structure ensure that the 
electrical insulation may be achieved with a thin oxide 
layer, which makes them suitable to use as strands in coils 
and windings for electric high-voltage devices. It is 
particularly advantageous to use the anode and the anodizing 

30 process mentioned above for anodizing strands which are 

coordinated into an electric conductor which is wholly or 
partially surrounded by a polymer-based insulation and 
arranged to be included in a winding of a high-voltage elec- 
tric machine. 

35 

A conductor wire according to the invention, as well as a 
high-voltage electric machine comprising such a conductor 
wire, has an improved poor capacity of resisting the 
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influence of severe environments. For example, they have a 
high temperature resistance and may be applied in relatively 
thin layers. Nor do they give rise to any drawbacks or costs 
during recycling/recovery of consumed or rejected conductor 
5 material since the insulation may be taken care of and 
destructed together with the metallic conductor wire. 

In the following, the invention will be explained in greater 
detail and be exemplified by means of a preferred embodiment 
10 with reference to the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The anode in the figure comprises a holder in the form of a 
15 central shaft 1 and three bars 2, 2a, 2b, 2c, arranged 
parallel to the shaft and fixed to the central shaft by 
means of radially oriented arms 3a, 3b, 3c. On the bars 2, 
2a, 2b, 2c, guide cams 4, 4a, 4b, 4c are fixed. The guide 
cams 4, 4a, 4b, 4c are of aluminium and are shown in more 
20 detail in Figure 2. The guide cams 4, 4a, 4b, 4c may be 

electrically insulated from the supporting parts 2, 2a, 2b, 
2c, 3a, 3b, 3c of the holder. The wire 5 which is to be 
anodized is spirally wound onto the holder and each turn is 
fixed in the guide slots of the guide cams 4a, 4b, 4c. At 
25 both ends the wire 5 is electrically connected to the 
positive pole of a current source (not shown) . During 
anodizing, the whole holder with the wound-on wire 5 is 
immersed into an electrolyte, an electrolytic bath. In the 
electrolytic bath, the electrochemical, thermal or other 
30 parameters are controlled during the process cycle. In 

certain cases, the process cycle during the batch anodizing 
takes such a long time that, even if the process parameters 
are kept essentially constant during the whole anodizing, a 
process where the wire is continuously drawn through the 
35 anodizing bath is not suitable. Depending on the electro- 
chemical conditions prevailing in the electrolytic bath, 
either the whole holder is made of an electrically conduc- 
ting material and connected as an anode to the positive pole 
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of the current source, or only the guide cams 4a, 4b, 4c, 
fixed to the bars, are made of an electrically conducting 
material and connected as an anode to the positive pole of 
the current source. In the latter case, the guide cams 4a, 
^ 4b, 4c are electrically insulated from the supporting parts 
of the holder. The electrolyte may contain other metal ions 
or anions, which, during the oxidation, are included in the 
oxide layer and act in a stabilizing manner thereon, or 
improve the adhesion to the underlying metal or, in certain 
0 cases, change the surface properties of the oxidized con- 
ductor wire, which properties facilitate water rejection, 
the application of polymer-based surface layers outside 
oxide layers, etc. The contents of such additives to the 
electrolyte may be controlled during the anodizing. Alter- 
5 natively, other electrochemical process parameters, which 
influence the inclusion of such compounds in the oxide 
layer, may be controlled. By means of an anode according to 
Figures 1 and 2, the batch anodizing may be carried out and 
a thin oxide layer, less than 10 jim, with good adhesion to 
0 the underlying metal and a suitable structure be generated 
on conductor wires of copper or aluminium or conductor wires 
coated with any of these metals such as a aluminium-coated 
copper wires with an electrically insulating oxide layer. 
Since the oxide layer exhibits a good adhesion and a 
5 suitable structure, the conductor wires may be treated and 
formed into coils or windings in a high-voltage machine 
without the electrical insulating capacity being reduced by 
cracks or flaking. This fact, and the small thickness of the 
oxide layer, contribute to the conductor wires according to 
3 0 the present invention being very suitable to use as strands 
in coils and windings for electric high-voltage devices. It 
is especially advantageous to use the anode and the anodi- 
zing process, described in the foregoing, for anodizing 
strands which are coordinated into an electric conductor 
3 5 which is wholly or partially surrounded by a polymer-based 
insulation and is adapted to form part of a winding of a 
high-voltage electric machine. A conductor wire according to 
the invention, as well as a high-voltage electric machine 
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comprising such a conductor wire, have an improved poor 
ability to resist the influence of severe environments. For 
example, they have a high temperature resistance and may be 
applied in relatively thin layers. Nor does this give rise 
5 to any drawbacks or costs during recycling/ recovery of 

consumed or rejected conductor material since the insulation 
may be taken care of and be destructed together with the 
metallic conductor wire 
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CLAIMS 

1. An anode which is adapted for batch anodizing of a 
length of metallic conductor wire (5) and, in addition to 
5 the conductor wire (5) to be anodized, comprises a holder 
for supporting and holding the wire in the desired posi- 
tion during the anodizing, and means for connecting the 
anode to the positive pole of a current source used for 
the anodizing, whereby the anode during the anodizing is 

10 immersed into an electrolyte, characterized in that wire 
is spirally wound onto the holder, that the holder com- 
prises at least three guide cams {4a, 4b, 4c) , that the 
guide cams comprise guide slots, that the spirally wound 
wire is fixed in the guide slots, whereby the guide slots 

15 arrange the spiralled conductor wire with a separating 
space between each turn and that the conductor wire at 
both ends is connected to the positive pole of the current 
source . 

20 2 . An anode according to claim 1, characterized in that the 
guide slots are formed such that the contact surfaces 
between the holder and the conductor wire (5) are minimized 
essentially into point contacts. 

25 3 . An anode according to claim 1 or 2 , characterized in that 
the holder comprises a central shaft (1) and three bars (2a, 
2b, 2c) arranged parallel to the shaft and fixed to the cen- 
tral shaft by means of radially oriented arms (3a, 3b, 3c) . 

30 4 . An anode according to claim 1, 2 or 3, characterized in 

that the guide cams (4a, 4b, 4c) are made of an electrically 
conducting material. 

5. An anode according to claim 4, characterized in that the 
3 5 guide cams {4a, 4b, 4c) are connected to the positive pole 
of the current source. 
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6. An anode according to any of the preceding claims, 
characterized in that the wire (5), at least in a surface 
layer, comprises aluminium. 

5 7 . An anode according to any of claims 1 to 6 , characterized 
in that the wire (5), at least in a surface layer, comprises 
copper . 

8. An anodizing process for batch anodizing of a metallic 
10 conductor wire (5) with a limited wire length, wherein the 

conductor wire (5) is applied onto a holder, is connected to 
the positive pole of a current source, and is immersed into 
an electrolyte where it is retained during the anodizing, 
characterized in that the wire is spirally wound onto a 

15 holder which comprises at least three guide cams (4a, 4b, 

4c) with guide slots, that the spirally wound wire is fixed 
by the guide slots in an extended position such that all the 
turns of the spiralled conductor are spaced apart by a 
separating space between each turn and that the conductor 

20 wire at both ends is connected to the positive pole of the 
current source. 

9. An anodizing process according to claim 8, characterized 
in that one or more process parameters are varied during the 

25 anodizing, whereby an oxide layer with good adhesion to the 
underlying metal, a suitable structure and a thickness less 
than 15 |im, preferably less than 10 |im, is generated on the 
surface of the v/ire. 

30 10. An anodizing process according to claim 9, characterized 
in that one or more electrochemical process parameters, such 
as the current density, are controlled according to a prede- 
termined cycle during the anodizing. 

3 5 11. An anodizing process according to claim 9 or 10, 

characterized in that the temperature is varied during the 
anodizing. 
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12. An anodized conductor wire (5) comprising an oxide layer 
obtained by batch anodizing of a wire length of metallic 
conductor wire, charact rized in that the oxide layer is 
thin and exhibits a structure and an adhesion to the under- 
5 lying metal which make possible treating the wire and 

shaping it into a strand in a coil or a winding of an elec- 
tric machine, and that this thin formable oxide layer is 
sufficiently electrically insulating to constitute an elec- 
trical insulation of a strand included in a winding of a 

10 high-voltage electric machine, and that this electrically 
insulating oxide layer is obtained by batch anodizing of a 
wire length of conductor wire which has been spirally wound 
onto a holder comprising at least three guide cams (4a, 4b, 
4c) with guide slots, whereby, during the anodizing, all the 

15 turns of the spirally wound conductor wire have been kept 

spaced apart by the guide slots, that the conductor wire and 
the holder have been immersed into an electrolyte and that 
the conductor wire at both ends was connected to the posi- 
tive pole of the current source. 



20 



25 



30 



13. An anodized metal wire (5) according to claim 12, 
characterized in that the oxide layer of the wire is less 
than 15 M-m, preferably less than 10 |im. 

14. An anodized metal wire (5) according to claim 12 or 13, 
characterized in that the wire comprises aluminium. 

15. An anodized metal wire (5) according to claim 12 or 13, 
characterized in that the wire comprises copper. 



16, A high-voltage electric device with a winding or a coil 
comprising a plurality of strands electrically insulated 
from one another, characterized in that the strands comprise 
a metallic conductor wire which is arranged with a thin 
3 5 electrically insulating oxide layer which exhibits a good 
adhesion to the metal, and a structure which ensures that 
the thin oxide layer maintains a sufficient electrical 
insulation of the strand, whereby the oxide layer has been 
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obtained by means of a batch anodizing of a wire length of 
conductor wire which has been spirally wound onto a holder 
comprising at least three guide cams (4a, 4b, 4c) with guide 
slots, whereby, during the anodizing, all the turns of the 
5 spirally wound conductor wire have been kept spaced apart by 
the guide slots, that the conductor wire and the holder have 
been immersed into an electrolyte and that the conductor 
wire at both ends has been connected to the positive pole of 
the current source. 

10 

17. An electric device according to claim 16, charact:erlzed 
in that the thin oxide layer exhibits a thickness less than 
15 (im, preferably less than 10 |iin.- 

15 18. An electric device according to claim 16 or 17, 

characterized in that the conductor wires arranged as 
strands are adapted to form part of a multi-wire conductor, 
which is wholly or partially surrounded by a polymer-based 
insulation and is included in a winding of a high-voltage 

20 electric machine. 



30 



wo 98/21385 



PCT/SE97/01838 




Fig. 1 



THIS PAGE BLANK (USTO, 



wo 98/21385 



PCT/SE97/01838 




r 



THIS PAGE BLANK (uspto) 




® 



INTERNATIONAL SEARCH REPORT 



Internalional application No. 

PCT/SE 97/01838 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: C25D 11/04, C25D 17/06. HOIB 13/16 // HOIF 41/12, H02K 15/10 

According lo Inicrnaiio nat Pateni Classification (IPC) or to both national cl as sificaiion an d IPC 



B. FIELDS SEARCHED 



Minimum documenuiion searched (classification system foUowed by classification symbols) 

IPC6: C25D, HOIB, HOIF, H02K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,NO classes as above 



Electronic dau base consulted during the international search (name of data base and. where practicable, search terms used) 



WPI,JAPIO 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



Relevant to ciatm No. 



6B 518993 A (FRITZ DORR), 13 March 1940 (13.03.40), 
page 1, line 1 - line 79; page 2, 
line 44 - line 120, figures 1,2 



US 4470884 A (DANIEL CARR), 11 Sept 1984 

(11.09.84), column 3, line 11 - line 41; column 4, 
line 44 - line 57, figures 3,6, claims 10,11 



WO 9011389 Al (MORIOKA MASASHI), 4 October 1990 
(04.10.90), figure 1, abstract 



1,2,4-18 



1,2,4-18 



1,2,4-18 



y Further documents are listed in the continuation of Box C. | )(| See patent family annex. 



Special categories of cited documents: 

documeat deftoing the general state of tbe art which is not considered 
to be of pamcular relevance 

erlier documeni but published on or after the intemational filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish tbe publication date of another citation or other 
special reason (as specified) 

document refcning to an oral disclosure* use. exhibition or other 



'P* document published prior to the international filing date but later than 
the priority date claimed 



"T* later document published after the itttemaiional filing date or priority 
date anri not ia conftict with the application but cited to understand 
the principle or theory underiying the invention 

'X' document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an mveative 
step when the documat is taken alone 

* Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

'&.' document member of the same patent faauly 



Date of the actual completion of the international search 



12 February 1998 



Date of mailing of the international search report 

1 3 -02- 1998 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized oflicer 

Ingrid Grundfelt 

Telephone No. 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 97/01838 



C (ConUnuaUon). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Giation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 5401382 A (KUNIO KATSUMA), 28 March 1995 

(28.03.95), column 1, line 1 - line 19, claim 6. 
abstract 



WPI/Derwent's abstract. No 92-188183, week 9223, 

ABSTRACT OF JP, 4121914 (NIKKEI GIKEN KK), 22 April 
1992 (22.04.92). & JP. A, 4121914 



7.15 



12-18 



Form PCT/ISA/210 (coniinualion of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Inrormation on patent family members 



03/02/98 



International application No. 

PCT/SE 97/01838 



Patent document 


Publicaiion 




Patent family 




Publication 


cited in search report 


date 




member(s) 




date 


GB 518993 A 


13/03/40 


CH 


207081 


A 


00/00/00 






DE 


674232 


C 


00/00/00 






DE 


682357 


C 


00/00/00 






DE 


688486 


C 


00/00/00 






DE 


688627 


C 


00/00/00 






DE 


713718 


C 


00/00/00 






FR 


843470 


A 


00/00/00 






NL 


54036 


c 


00/00/00 


US 4470884 A 


11/09/84 


NONE 








WO 9011389 Al 


04/10/90 


NONE 








US 5401382 A 


28/03/95 


AU 


664815 


B 


30/11/95 






AU 


5522494 


A 


15/09/94 






DE 


4407315 


A 


15/09/94 






FR 


2703076 A.B 


30/09/94 






GB 


2275931 


A,B 


14/09/94 






GB 


9404443 


D 


00/00/00 






JP 


6264293 


A 


20/09/94 



Form PCT/ISA/210 (patent family annex) (July 1992) 



THfS PAGE BUNK (USPTO) 



